INTRODUCTION
During the initial stages of well planning, engineers will have to make the choice between drilling a vertical well or a horizontal well for a specific type of reservoir with unique properties that either types of drilling methods could favor. A reservoir with good height, thickness and a very large surface area will require a specific well type suitable to effectively drain it. Faced with this challenge, well planners, drilling engineers, production engineers and reservoir engineers have to make a choice on whether to drill several vertical wells on the location or to drill just one horizontal well to satisfactorily cover the reservoir area for effective drainage.
Several factors will affect the choice of the options available; some of which are; economics, information of reservoir characteristics from seismic surveys such as reservoir shape, height, length and dip angle of the reservoir, expected monetary returns on investment based on the productivity of the wells drilled, etc. Well performance is often measured in terms of the well's productivity which is dependent on a number factors such as the reservoir's configuration, the type of completion, petrophysical and fluid properties, formation damage, etc [1] . The productivity index of a well is a function of the pressure losses between the reservoir boundary and the well bore [2] [3] [4] [5] . The factors that affect productivity index are reservoir drainage area, pay zone thickness, anisotropy, well length, fluid velocity, and well completion methods [6] [7] [8] .
A vertical well is a well that is characterized by a generally vertical wellbore track. Because the risk of vertical well construction is relatively low, the techniques for drilling such a well are relatively simple and the maintenance of the subsequent oil extraction operation is relatively easy. Vertical well is the most widely used well type worldwide [9, 10] . In horizontal wells, the wellbore remains in high angle trajectory roughly parallel to the formation, thereby exposing significantly more attention zone to production than would be exposed by a vertical well [11] . Productivity index for horizontal wells increases with well length, and anisotropy value; also horizontal wells are better united for thin beds [12, 13] . This study seeks to determine the productivity and economic viability of a vertical and horizontal well for specific reservoir conditions in order to select the more suitable well type for the prevailing reservoir conditions.
MATERIALS AND METHODS
The model employed in this research to predict the productivity of the vertical wells was Joshi's method. Horizontal well productivity predictions in this project have been done by adopting two models which include Joshi's model and the Borisov's model. Reasonable reservoir, fluid, and well data were assumed for the prediction of both vertical and horizontal well productivity indices.
Net Present Value (NPV) is the commonest investment decision criteria used to access the economic viability of an Exploration and Production (E&P) venture in today's market. It is one of the many criteria that takes into account the time value of money and is relatively simpler to use than other decision criteria.
Horizontal Productivity Models

Borisov's Model
Borisov in 1984 proposed the following expression for predicting the productivity index of a horizontal well in an isotropic reservoir [14] , i.e., k v = k h (1) Where, J h = horizontal productivity index, STB/day/psi kh = horizontal permeability, md h = thickness, ft. L = well length Bo = oil formation volume factor, bbl/STB μ o = oil viscosity, cp. r eh = drainage radius, ft. r w = wellbore radius, ft
Joshi's Model
Joshi in 1991 presented the following expression for estimating the productivity index of a horizontal well in isotropic reservoirs [15] . Joshi accounted for the influence of the reservoir anisotropy by introducing the vertical permeability kv into his equation. (2) Where, J h = horizontal productivity index, STB/day/psi 
Where, L = well length a = half the major axis of drainage of the ellipse and expressed by the equation below.
Where, k h = horizontal permeability, md k v = vertical permeability, md r eh = drainage radius, ft. Figure 1 shows the drainage areas for a vertical well (Fig 1a) and a horizontal well (Fig. 1b) . A vertical well drains a cylindrical volume as illustrated while a horizontal well drains an ellipsoid. It is generally expected that a horizontal well drains a larger volume than a vertical well [15] . (Joshi, 1991) A horizontal well can be looked upon as a number of vertical wells drilling next to each other and completed in a limited pay zone thickness. Figure 2 below shows the drainage area of a horizontal well of length (L) in a reservoir with a pay zone thickness (h). Each end of the horizontal well would drain a half-circular area of radius b, with a rectangular drainage shape of the horizontal well [16] .
Joshi's Method for Drainage Area
Figure1. A Schematic of a Vertical and Horizontal Well Drainage Area
Joshi (1991) assumed that each end of the horizontal well is represented by a vertical well that drains an area of a half circle with a radius of b. He therefore proposed the following two methods for calculating the drainage area of a horizontal well. Method 1: Under this method, Joshi proposed that the drainage area is represented by two half circles of radius b (equivalent to a radius of a vertical well rev) at each end and a rectangle, of dimensions L (2b), in the center. The drainage area is therefore represented by the equation below. (6) Where, A = drainage area, acres L = length of horizontal well, ft. b = half minor axis of an ellipse, ft.
Method 2: In method 2, Joshi assumed that total horizontal drainage area is an ellipse and is represented by the equation below.
Where, A = drainage area a = major axis of an ellipse also represented mathematically as shown below (8) Where, L = well length, ft. b = half minor axis of an ellipse, ft.
Joshi noted that the two methods give different values for the drainage area A and suggested assigning the average value for the drainage of the horizontal well.
Most methods used to predict productivity index of horizontal wells usually require a parameter known as drainage radius. The drainage radius of a well is represented mathematically as shown below (9) Where, reh = drainage radius, ft.
A = reservoir area, acres
Vertical Well Productivity
Ideally bottom hole flowing pressure (Pwf) for at a certain flow rate (q) is measured using a bottomhole pressure gauge. A build up or drawdown test is used to estimate the average reservoir pressure (Pr) along with other parameters such as skin factor (s). Flow rate of a well producing under steady-state radial flow is given by: (10) Where, Q o = oil flow rate, STB/day k = permeability, md h = thickness, ft. s = skin factor B o = oil formation volume factor, bbl/STB μ o = oil viscosity, cp. Pi = initial reservoir pressure, psi Pwf = bottom hole flowing pressure, psi
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The productivity index of well can therefore be expressed as below: (11) Where, J = productivity index (STB/day/psi) k h = horizontal permeability (md) μ o = oil viscosity (cp)
B o = oil formation volume factor, bbl/STB r e = reservoir radius, ft.
r w = wellbore radius, ft
The skin factor is denoted by 'S', and is expressed as; (12) Where, S = skin factor k = reservoir permeability, md k skin = permeability of damaged zone, md r skin = radius of damaged zone, ft r w =wellbore radius, ft
NPV Calculation for the Horizontal and Vertical Well
Using the productivity index value from Borisov's model with the well length of 1000 ft and reservoir thickness of 160 ft, the net present value was calculated. Formulae used; (13) Where, d = rate of decline a = effective annual decline (14) Where, a = rate of buildup q i = initial production, bbl/day. q o = production at time t, bbl/day. t = time, years.
Where, qt = flow rate a certain time, bbl/day qi = initial flow rate, bbl/day a = buildup rate t = time, years. (16) Where, Np = production for a period a = buildup qi = initial flow rate, bbl/day qo = production at time t, bbl/day. t = time, years. Equations 2.8 to equation 2.11 above are the equations used for production forecasting to aid in the calculation of the net present value. The equation below is the summary of the definition of Net Present Value and served as a guiding principle for all the NPV calculations in this project.
of cash inflow @i* -of cash outflow @i*
Where, NPV = Net Present Value PV = Present Value i* = minimum rate of return
RESULTS AND DISCUSSION
Results
All hypothetical parameters that were used for productivity index calculations and all related calculations are displayed in Table 1 . The productivity of the wells was calculated using Microsoft Excel software. The results of productivity index using Borisov and Joshi's models are summarized in Table 2 and Table 3 respectively. Figure 3 is a graph representing such a plot thus productivity ratio against well length. The Tables 4 and 5 are a summary of computations of productivity index using Borisov and Joshi's models respectively. The resulting productivity indices were then plotted against the corresponding reservoir thickness as shown in Figure 4 below. Assumed data for all calculations of the Net present value done are displayed in table 6 below. The table 7, table 8, and table 9 shows summary of the calculations of net present value. 
Table1. Parameters for Calculation of Productivity Index
Discussion
Effects of Well Length on Horizontal Productivity
The results of productivity index using Borisov and Joshi's models are summarized in Table 2 and Table 3 respectively. All calculations were done using Microsoft Excel software.
The different values of calculated productivity ratios from two different horizontal well productivity models were plotted against varying well lengths of the perforated horizontal section. Figure 3 is a graph representing such a plot. It can be observed from the graph that the productivity index of horizontal wells increases as the length of the perforated horizontal section of the well is increased. A length of 250 ft registers a No change was observed in the productivity index of a vertical well calculated using Joshi's model. The vertical well productivity index was calculated to be 11.56 STB/day/psi using Joshi's model for vertical productivity index. The vertical productivity remained 11.56 STB/day/psi because the well length (L) parameter is not accounted for in Joshi's equation for vertical productivity.
Effects of Reservoir Thickness on well Productivity
The parameter of reservoir thickness (h) was varied in the various equations for calculation of productivity index, starting from 40 ft. to 160 ft. while maintaining a horizontal well length section of 1000 ft. Both horizontal and vertical productivity indices were observed to increase with increasing reservoir thickness. figure 3 .4 to show graphical representations of how reservoir thickness affects productivity.
Net Present Value
A summary of the net present value calculations are shown in Table 3 .7, the Net Present Value of the operator's take of the horizontal well using Borisov's horizontal productivity index for production forecast was $498,188,991.57, while the Net Present Value of the government's take was $337,099,296.
The Net Present Value of the operator's take from the horizontal well using Joshi's productivity index for production forecast was $513,057,497.42, while the Net Present Value of government's take was $346,367,974.49.
Using the vertical productivity index to forecast production from the vertical well, a Net Present Value of $319,427,483.00 was calculated from the operator's take, while a Net Present Value Of $221,804,215.51 was calculated from the government's take.
It is therefore evident that the horizontal wells in this project are more economical to both the operator and the host government than the vertical well.
CONCLUSION
The following conclusions can be drawn from this study;
 Horizontal wells have a higher productivity than a conventional vertical well.
 Horizontal well productivity index increases with increasing horizontal well length while vertical productivity index is not affected by well length.
 Both horizontal and vertical productivity indices increase with increasing reservoir thickness.
 Sinking a horizontal well in this case is more economical than sinking a vertical well as its net present value is greater than the net present value of a vertical well.
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